ABSTRACT
INTRODUCTION
A restructured electric power industry is likely to include many generators that are not under the direct centralized control of an electric utility. These new generators will be independently operated as well as independently owned. For such a system to operate reliably and efficiently, the system's operation and control strategy must accommodate both the engineering need to maintain collective system services and the economic push for independent and decentralized decision making. Hierarchical control schemes currently implemented at the transmission level for generators and system coordinating facilities may need to be revisited and extended to the distribution level so that the stability and efficiency of the power system are ensured in the emerging industry structure.
ANALYSIS OF THE POWER SYSTEM STABILITY
It can be assumed that in a locally penetrated system (i.e., to one feeder) inter-machine couplings are smooth and voltages are similar, and thus such a system's behavior is stable and doesn't strictly require centralized regulation. On the other hand, system losses can be only slightly decreased in the case of a very small PL (power load) in accordance with local consumption. In case of a higher PL, losses grow. It is shown that local penetration (which means centralized generation inside distribution network) could be a possible low-cost way how to increase the PL of a distribution system with strongly restricted advantages of DGS use. A globally penetrated system requires new centralized control strategies from a very small amount of installed DGS to maintain stable operation. Some simple ones are presented. Except for using new control strategies with target steady-state values, new phenomena such as subsynchronous resonance may arise and have to be resolved. New stabilizers must be developed to avoid danger oscillations, which may be caused on both the demand and the generation sides. The presented tools are demonstrated on 20 buses distribution network with DGs. The purpose of this case study is to study the stability of the system by computing the short-circuit ratio and judging the impact of increasing transferred power to the safeness and reliability of operating the distribution network with the sense of n-1 criterion. Data collected for this study were electrical parameters of the lines, electrical parameters of the generators, mode of network operation and the connection to the remaining 110 kV network. Other data are the short-circuit powers at the individual marginal buses of the 110 kV system i.e. the contribution from a 400 kV system, whereby is assumed a short-circuit power of behind three parallel transformers of 400/100 kV, with short-circuit impedance of 13 %. For this study two special models were processed, one for steady state operation and the second one is for calculating short-circuit ratios and coupling impedances for examining the stability of the newly connected generator. Prague, 8-11 June 2009
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Fig.1 One line diagram of the studied distribution network
The analysis was firstly done with the assumption that all lines and generators are connected in the system and secondly with examination of safety of operation by applying the n-1 criterion of the main lines. Furthermore the calculations of coupling impedance were performed; this impedance represents the seen impedance from the point where the new generator is connected to the equivalent network. In case of increment in the coupling impedance then there is a chance of losing the stability of the newly connected generator. Mutually corresponding states (i.e. set of data) are marked by the same colors. From the figure it is obvious that disconnecting particular lines in the system has an impact on the system stability and hence to the possibility of connecting the distributed generation to the network (i.e. not all buses of the network are proper to connect the generator of a given power). From the figure it can also be seen that, buses with strong couplings with the other system components show small dependence on the changes of bus parameters with the view of short-circuit ratios. In this analysis, the configuration of the system connection is one of the key input parameters.
COUPLING IMPEDANCE
The relationship of the coupling impedance between appropriate generator and the network equivalent are shown in the Figure 2 , 3. In this case, the three-phase fault at particular bus is considered. In the graphs, one column represents the coupling impedance between the appropriate generator and the network equivalent on the assumption that, at the marked bus a three-phase fault has occurred. In case that the faulted bus would be at the same time the bus whereby the corresponding generator is connected, then the graph shows the coupling impedance for the fault-free state. For the analysis of the system behavior is also important to consider the n-1 state, this is represented in Figure 2 and 3 . Figure 2 represents a case whereby an n-1 criterion is not taken into consideration. Figure 3 consider the n-1 criteria, i.e. always one of the line in the system is disconnected whereas.
Fig.2 :
The relationship of the coupling impedance between the appropriate generator and the network equivalent -n-1 criterion not considered In case the bus voltage is out of the allowed tolerance (i.e. from 0.9 up to 1.1 p.u.) take "0" index value, in case the power supplied by generator at the given state of the system is out of the power limit on the graph is shown by value "0.5". If none of the two described states will occur, then the eigenvalues will be tested and the stable state on the graph will be shown by value "1" while the unstable state will be represented by value "0.75". The above stability values were set by arbitrary decision. Many situation and different machine parameters were tested. The worst result was in the situation illustrating the island operation of the system with two DGs with the same parameters. In this model the load connected at the connection point of the DG was reduced to 250 kW. 
CONCLUSIONS
New DGS source connection analysis is done with the following considerations: 1) static analysis -System solution discussion, possible bifurcations.
2) dynamic stability analysis -Operable PQ region for the new connected source is computed. The system steady state with previously connected sources considers PU nodes with nominal power output and nominal voltage (it is assumed no central regulation).
3) transient stability analysis -The main aim of transient stability analysis is to obtain stable solutions after the system is subjected to a fault event within purposed principles of penetration DGS. The most important value in transient stability analysis is critical clearing time (CCT). If value of CCT is less than standard protections' clearing time, protection system has to be upgraded; otherwise installation of new sources is impossible. 4) system losses analysis -Overall system losses depend on source placing, and thus unique losses characteristics on PL dependency cannot be done. Generally, it can be said that minimum (zero) losses occurs if source placing and power output responses loads and their placing. Optimal load flow calculations were done in presented case studies. Finally, it must be noted that a stable operation at the same PL of DGS strongly depends on the chosen technology (i.e., the machine type). From that point of view, preferred technologies must be determined. The part of the Central Bohemia Distribution System (22 kV, 110 kV) was chosen for case study. The study has been done for both the local and global DGS penetration.
